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; [SEQ ID NO: 6] SEQ ID NO: 9, [SEQ ID^O: 11,] SEQ ID NO: 14, SEQ ID NO: 15, 
SEQ ID NO: 16 and complements th^of. 



38. (Twice Amended) An isolated g/ne which codes for a BS200 protein having 
the amino acid sequence with at least 50% identity with SEQUENCE ID NO 31 . 

39. (Twice Amended) An isolateq gene comprising DNA having at least 50% 
identity with SEQUENCE ID NO 15 an/ SEQUENCE ID NO 16, or complements 
thereof. 

_ 

Please add new claim 49. 

49. (New) A purified polynuo^^idp consisting of the polynucleotide of SEQ ID 

NO: 6. 



REMARKS 

Claims 11-14, 39 and 45-48 were rejected in a Final Office Action dated 
December 13, 1999 under 35U.S.C.§112, second paragraph, as being indefinite for 
failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. Specifically, the Examiner states that the claims fail to define 
the metes and bounds of the claimed invention because " specifically binds to" is a 
recited property of the polynucleotide, but it is not defined in the claims or in the 
specification. Therefore, in an effort to expedite prosecution, Applicant has deleted the 
"specifically binds" language. Instead, Applicant has substituted "percent identity" 
language in order to better define the polynucleotides of the instant invention. 

Further, in an effort to comply with 35 U.S.C. § 1 12, Applicant submits the 
software manual to the Wisconsin Sequence Analysis program. Version 8, publicly 
available from Genetics Computer Group, Madison, WI, as Exhibit A. Support for this 
submission is found on page 12, beginning on line 26. The manual provides the 
algorithm, parameters, parameter values and other information necessary to, accurately 
and consistently, calculate the percent identity. This manual indicates on pages 5-21, 
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inter alia, that the software used the local homology algorithm of Smith and Waterman 
(Advances in Applied Mathematics 2; 482-489 (1981)). 

Claims 1 1-14 and 45-48 are rejected under 35 U.S.C. § 102(a or b) as anticipated 
by or, in the alternative, under 35 U.S.C. § 103(a) as obvious over Strausberg (Accession 
No. AA639700, EST database, 1993) for SEQ ID NO: 2; Hillier, et al, (Accession No. 
AA256868, EST database, 1996) and Strausberg (Accessioin No. AA639700, EST 
database, 1993) for SEQ ID NO: 3; Strausberg (Accession No. AA228353 and 
AA228426, EST database, 1996) and Hillier, et al, (Accession No. H05698, EST 
database, 1995) for SEQ ID NO: 6; Matsubara, et al, (AC T25603 (Geneseq) WO 
95/14772) for SEQ ID NOS: 9, 15 and 16; Hillier, et al, (Accession No. W79647, EST 
database, 1992) for SEQ ID NO: 11. The Examiner states that each of the references 
discloses a polynucleotide sequence that "specifically binds", interpreted as "hybridizes", 
to a polynucleotide of claim 1 1 identified by its SEQ ID NO: as shovm in the sequence 
search printouts. Based on the amendments to the aforementioned claims, which delete ^ji^ W 
the "specifically binds" language and further deletes SEQ ID NOS. 1^ 1 1 and 12, this G?f H 
rejection is deemed moot. 

The Examiner also rejects claim 39 under 35 U.S.C. § 102(a or b) as anticipated 
by or, in the alternative, under 35 U.S.C. § 103(a) as obvious over Matsubara, et al, (AC 
T25603 (Geneseq) WO 95/14772), stating that the reference discloses a polynucleotide 
sequence that "specifically binds", interpreted as "hybridizes", to a polynucleotide of 
claim 39 identified by its SEQ ID NO: (15 or 16). Based on the aforementioned 
amendments to the claims deleting "specifically binds" language, this rejection is also 
deemed moot. 

It is appreciated that claim 38 is allowed, as indicated by the Examiner. The 
Examiner further states that SEQ ID NOS: 1-3, 9, 14-16 and 31 are free of the prior art, 
but that SEQ ID NO: 6 would be allowable if claimed in closed language, i.e., 
"consisting of Therefore, Applicant has added new claim 49 which covers SEQ ID NO 
6 using the suggested " consisting of language. 

The Examiner states that SEQ ID NO: 1 1 has a single mismatch at nucleotide 62 
with the EST of Hillier, et al, (1992). Therefore, SEQ ID NO: 1 1 has been deleted fi-om 
the claims. 
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CONCLUSION 



In view of the aforementioned amendments and remarks, the aforementioned 
application is in condition for allowance and Applicant requests that the Examiner 
withdraw all outstanding objections and rejections and to pass this application to 
allowance. 
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The carcinoembryonic antigen (CEA) familj^: 
structures, suggested functions and expression in 
normal and malignant tissues 

Sten Harrmarstrom 



The human CEA family has been fully characterized. It 
comprizes 29 genes of which 18 one expressed; 7 belonging to 
tfie CEA subgroup and JJ to the pregnancy specific ^ycopro- 
tein subgroup, CEA is an importani tumor marher for 
colorectal and some other carcinomas. The CEA subgroup 
members are cell membrane associated and show a complex 
expression pattern in normal and cancerous tissues with 
notably CEA showing a selective epithelial expression. Sev- 
eral CEA subgroup members possess cell adhesion properties 
arid the primordial member^ biliary glycoprotein, seems to 
function in signal transduction or regulation of signal 
transduction- possibly in association with other CEA sub- 
family members. A modified TTAM/ FFIM motif is identi- 
fied in the aytoplasmatic domain of BGP, A role of CEA in 
innate immunity is envisioned. 

Key w rds: cardnoembryonic antigen (CEA) / biliary 
glycoprotein (BGP) / non-specific cross-reacdng andgen 
(NCA) / pregnancy specific glycoprotein (PSG) / CEA 
gene family member (CGM) 

©1999 Academic Press 



Introduction 

In this review I will foctis on the structure, tissue 
distribution and possible functions of the members of 
the human CEA family. Some selected clinical aspects 
will also be discussed. The references cited in the 
following text are mainly from the 1980s and 1990s 
and for earlier literature references the reader isr 
referred to reviews by Shively and Beatty;' Thompson 
rf.o^.and Hammaistrom oZ.^'* 
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Milestones in cardnoembxyonic antigen 
research 

More than three decades has passed since C^ld and 
Freedman first described ithe tumor associated anti- 
gen carcinoembryonic antigen (CEA) in human colon 
cancer tissue extracts.® It was hypothesiied that CEA 
was an oncofetal andgen — expressed during fetal life, 
absent in the healthy adults and re-expressed in 
cancer. We now know that this concept does not 
apply to CEA. CEA is actually also esipressed in nor- 
mal adult tissue (see below). 

Some years after the discovery the same research 
group found dial CEA could be measured in serum 
from patients with colorectal and ottier carcinomas 
using a sensitive radioimmunoassay.^ Sera from 
healthy individuals and from patients with other dis- 
eases generally had low levels of CEA. This created a 
burst of interest in this tumor marker and CLk assays 
were applied to a number of clinical questions re- 
lated to diagnosis, staging, monitoring and prognosis 
of carcinomas. Since then clinical CEA. assays have 
had their ups and downs. However, CEIA assays are 
now generally accepted clinically as a useful and 
cosi-effident tool^ in monitoring of colon cancer 
following surgery. 

A m^or task in the earfy days was the purification 
and characteri2ation of die CEA molecule. Since 
CEA is a complex, highly glycosylated macro- 
molecule, this was not an eas>» tasL Several groups 
made important contributions and CEA could be 
defined as a glycoprotein containing approximately 
50% carbohydrate with a molecular weight of approx- 
imately 200 kDa.®"^^ A standard CEIA preparation was 
developed. \ 

Another major step in the CEA field was the dis- 
covery of CEA-cross-rcactive antigens in normal hu- 
man tissue including blood. Obviously the interfer- 
ence of these antigens in dinical CLA assays can be 
substantial if tlie antibodies used in the CEA assays 
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are cross-reactive. The first related antigen to be 
discovered \w non-specific crosfr-reaciing antigen 
(NCA) independently described by von Kleist et a/^* 
and by Mach and Pusztaszeri.'^ The next to follow 
was biliary glycoprotein (BGP) discovered by Sven- 
berg in our group.^^*^* 

In die late 1970s and early 1980s CEA became a 
fevored target andgen for radioimmunolocalization 
of colorectal and other tumors of epithelial origin 
and with the emergence of the hybridoma tech- 
nology to produce monoclonal antibodies these stud- 
ies were further refined. More recently, and CEA 
antibodies and derivatives have also used in experi- 
mental- and rliniraUrariio iTnTniin orheraphy, Impor- 
tant contributors in these areas were the groups of 
Goldenberg, Mach and Begent (reft 17-21 and refer- 
ences therein). CEA has proven to be a suitable 
target antigen for the detection of primary and 
metastatic colorectal and some other carcinomas and 
is currently being explored as a possible target for 
antibody-mediated therapy. 

As a consequence of the development of molecular 
cloning techniques in the late 1980s the entire field 
developed very fest and GEA has ^transformed' into 
an entire family of related molecules. MolectQar 
cloning of cDNA for .CEA was achieved in 1987 by 
four independent resezirch groups (ref 22 and 
others*) followed by cDNA for NCA (ref 23 and two 
other groups) and BGP.^'^'^*^ Subsequentiy cDNA for 
four additional CEA-related molecules, termed CEA 
Gene Family jllember 1. 2, 6 and 7 (CGMl. CGM2. 
CGM6 and CGM7) were identified.^^'^ A surprising 
discovery was that human pregnancy-specific ^1 gly- 
coprotein (PSG), a glycoprotein produced by placen- 
tal syncytiotrophoblasts and secreted into naatemal 
circulation^^ was indeed related to CEA.'^ 



The CEA gene family 

Altogether 29 different genes/pseudogenes have now 
been identified in the human CEA gene family.'^ 
Nucleotide sequence comparison between the dif- 
ferent genes shows that the genes can be divided into 
three subgroups: the CEA subgroup containing 12 
members; the PSG subgroup containing 11 members 
and the third subgroup containing six members. In 
the CEA subgroup seven of the 1? genes [i.e. CEA, 



* Chitj one vefermce has been shown, however, several groups 
may have made the same discovery ai afrproximaiefy the same time. 



NCA ( = NCA50/90X BGP. CGMl, CGM2. CGM5 
(«NGA95) and CGM7] are expressed wMe CGM8, 
CGM9. CGMIO, CGMll and CGM12 are pseudo^ 
genes. In the PSG subgroup all 11 genes may be 
expressed. However, for PSG7, PSG8 and PSG12 al- 
lelic variants with stop codons in the N-domain exon 
exisL*^ Some individuals may thus not be able to 
express all 11 PSGs. All six members in the third 
family, i.e. CGM13 to CGMl 8, are pseudogenes.** 
The members of the CEA gene family are clustered 
on chromosome 19ql3.2;^ more precisely to mid 
ql3.2 between C£2A and DigSlS^**^ within a region 
of 1-8 Mb. The genome organization of the CEA 
family is shown in Rgure 1. As can be seen the PSG 
and third family genes are located telomerically to 
the CEA subgroup genes. The genes are organized in 
two dusters of 250 and 850 kb separated by a region 
of approximately 700 kb containing several unrelated 
genes. Interestingly, the third subgroup genes are 
interspersed between the PSG genes. 

Analysis of the amino add sequence of CEA^' and 
of the other members of the CEA family revealed 
that they belong to the immunoglobulin superfamily. 
Two types of immunoglobulin domains are seen: a 
N-terminal domain of 108 amino adds homologous 
to the Ig variable domain CigV-like) and between zero 
and six domains homologous to the Ig constant do- 
main of the C2 set (IgCS-like).*^ The IgC2 domains 
may either be of type A containing 93 amino adds or 
of type B containing 85 anwno adds. A signal peptide 
of 34 amino adds (L) precedes the N-domain* This 
peptide is deaved off from the mature protein fol- 
lowng transport to the cell surface. The molecules of 
the CEA- and PSG-subgroups di£Fer from each other 
at the C-teiminal end The CEA subgroup members 
are attached to the cell surfiace membrane while the 
PSGs are secreted molecules. Among the CEA sub- 
group members there are two types of membrane 
attachments. BGP. CGMl and CGM7 contain a hy- 
drophobic transmembrane domain (TM) followed by 
either a long or a short cytoplasmatic domain (OlT). 
CEA, NCA, CGM2 and CGM6 are attached to the ceU 
membrane via a glycosjd phosphatidyl inositol moiety 
(M). The short hydrophiUc tail (T) of the PSGs. of 
which there are four different types,^^ aUows these 
molecules to be exported from secretory vesides in 
syncytotrophoblasts to the matemzd drculation.*® The 
domam formula for CEA is: [N-A1-B1-A2-B2-A3-B3' 
Ml. For the largest BGP splice variant the formula is: 
IN-A1-B1-A2-TM-CVT] and for most PSG splice vari- 
ants the formula is: [N-A1-A2-B2-TI. Figure 2 shows 
cartoons of the ejcpresscd members of the CEA sub- 
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Figurc 1. Genome organization of the CEA gene feimly. Hie CEA family has been localized to 
the qlS.2 region indicated in the chromosome idiogram. Locations of the 29 individual members 
f the family are indicated in the esqaansion to the rigjht of the chromosome. Genes are depicted 
■ as boxes of arbitrarily tmiform size. Arrows indicate the direction of transcription. Boxes in the 
inset at far right indicate the locauons of four non-CEA genes mapped within the CEA region. 
Other members of the immunoglobulin superfamily mapped to chromosome 19 are shown in 
their relative locations along the ^chromosome. 
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group. BGP, CGMl and the PSGs occur in alterna- 
tively spliced forms. For BGP seven different forms 
have been described; in all forms the N-domain is 
retained (figure 2). Perhaps the most important dif- 
ference between the BGP splice variants is the two 
xypcs of cytoplasmatic domain that exist. The longer 
cytoplasmatic form contains two tyrosine residues 
which may be phosphprylated. The tyrosines are part 
of modified immunoreceptor tyrosine based activa- 
tion/inhibidon motifs (ITAM/i'ilM motifs) and may 
therefore participate in signaling events (ref 40 and 
below). Similarly, CGMl has a long and a short 
qtoplasmatic domain.*' As mentioned earlier there 



are four different types of short hydrophilic PSG tails. 
In addition we have found five different combina- 
tions of N-, A- and B^omains within the PSG group.*" 
Moreover, we recendy identified a second form of 
CGM2. It lacked the A2-<iomain (Figure 2; Zhou and 
Hammarstrom, unpublished results, 1^98). 

Two features seem to be characteristic for all ex- 
pressed members of the CEA family: (i) they contain 
a single IgV-like N-domain, which lacks the intra- 
chain disulfide linkage — the latter being replaced by 
a salt bridge. This type of IgV-domain is, however, 
also seen in a few other immunoglobulin superfamily 
members notably in GD2 and CDS; and (ii) the 
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Figuze 2. Models of the molecules in the CEA subgroup based on their cDNA structure. The 
IgV-like IWomains are. unshaded and the lgG4ike domains (A and B) are shaded The non-Ig 
domains in BGPj^ and BbPz arc shown as striped boxes. The GPI4inkage to the cell membrane is 
shown by an arrowiiead. For BGP and CGMl, two forms of cytoplasmic domains (long and short) 
derived by alternative mRNA splicing exisL Potential glycosylation sites are shown as lollipops. 
Five of the CEA subfiamil}' members have been named in the CD system; BGP is CD66a, CGM6 is 
CD66b, NGA is CD66c, CGMl is GD66d and CEA is CD66e. 
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molecules are extensively glycosylated on aspargine 
residues, mostly (or exclusively) by multiantennaiy 
complex type carbohydrate chains.^*'*^ The carbohy- 
drate content may constitute up to 50% of the total 
mass. 

Recendy the structure at low resolution of the 
seven domains in CEA cleaved fr^m its membrane 
anchor was determined by X-ray and neutron scatter- 
ing.^ CEA was foxmd to be a monomer with a molec- 
ular mass of 150,000 with the dimensions of 20 X 8 
nm (length X width) implying extended carbohydrate 
structures. An automated curve fitting procedure gave 
a famil)' of zdg-zag models for CEA. Thus CEA may be 
seen as a 'botde-brush* with the immunoglobulin 
domains tilted at an 160*^ angle against each other 
along the long axis. Each Ig-Iike domain in CEA 
forms roughly a cylindrical shape. It is made up of 
two jS-sheets [j?-strands DEJBA and )3-strands 
GFG(C'C)] in a structure known as a )J-barreL The 
protein face of the GFCC )8^heet in neighboring 
domains lie on alternative sides of the CEA structure. 
Interestingly, the protein fece of the AGPCC'C ^ 
sheet in the N-domain and of the GFCC /5^heet of 
A- and B-domains are free of steric hindrance from 
extended carbohydrate structures. The authors fur- 
thermore showed that this applies to several other 
CEA family members indicating that this feice of the 
Ig-like domains in the molecules probabty is involved 
in protein-protein interactions including adhesion^ 
and antibody binding.^' 



Expression of CEA family members in normal 
human tissues 

The promotor regions of the CEA j&mily members 
lack the classical TATA and CCAAT elements and 
contain features both of constimtively active house- 
keeping genes like fc/C rich regions, SPl sites and 
of difiFerentially or developmentallv regulated 

Until recently it has not been possible to de- 
termine the tissue expression of these molecules with 
certaint}'. This was mainly due to incomplete 
knowledge about the family members and their simi- 
laritj' to each other which has prohibited the devel- 
opment of specific riboprobes and specific iponoclo- 
nal antibodies (mAbs). Now, however, th^ situation is 
difiFerenL Specific mAbs are available for CEA, NCA, 
BGP, CGM2 and for the PSGs as a group (all 11 PSGs 
are closely similar to each other). Similariy, specific 
PCR primers and riboprobes have been constracted. 



Fairly extensive data on the tissue disoibution are 
available for CEA. BGP and PSG, while only limited 
information is available for NCA, CGM2 and CGM6 
and little is known about the tissue distribution of 
CGMl and CGM7. BGP has die broadest distribution 
in normal tissues being expressed in a number dif- 
ferent epithelia [esophagus (glandular epithehal 
cells); stomach (pyloric mucous cells, Brunner's gland 
cells); duodenmn/jejimtun/ileum (epithelial cells); 
colon (colimmar epithelial cells, caveolated cells); 
pancreas (epithelial ceUs of the duct); liver (bile 
czmaliculi, bile duct epithelial cells), gall bladder (epi- 
thelial cells); kidney (epithelial cells of proximal 
tubules); urinary' bladder (transitional epithelial cells); 
prostate (epithelial cells); cervix (squamous epithelial 
cells); endometrium (glandular epithelial cells)], in 
sweat- and sebaceous-glands, in granidocytes and 
lymphocytes and perhaps also in endotheUal cells in 
some organs.*'^^'^^ 

NCA has probably also a fairly broad tissue dis- 
tribution being present in epithelial cells in different 
organs and in granulocytes and monocytes.**^**^ 

In contrast, CEA shows a more limited tissue ex- 
pression in normal adult tissue. It is present in 
columnar epithelial cells and goblet cells in colon, in 
mucous neck cells and pyloric mucous cells in the 
stomach, in squamous epithelial cells of the tongue, 
esophagus and cervix, in secretor)' epithelia and duct 
cells of sweat glands and in epithelial cells of the 



prostate 



CEA expression in the above men- 



tioned oz^gans generally commences during the early 
fetal period (week 9-14) and seems to persist 
throughout life.^^ Interestingly, mice expressing the 
human CEA gene under the control of its own hu- 
man promotor shows essentially the same expression 
pattern as CEA in humans despite the £act that no 
CEA homologue appear to be present in rodents.^' 

The main site for PSG production is the placenta 
and especially during the first trimester of pregnane)' 
the rate of synthesis is very high.'^ PSG synthesis in 
placenta is limited to the syncytiotrophoblasL^^ How- 
<^ver, PSG is not exclusively expressed in human 
placenta. PSG cDNA clones have been isolated from 
fetal liver, salivary gland, testis and myeloid cells.^'*^ 
Most likely the PSG levels in these origans are feirly 
low. 

Although not much is known about the distribu- 
tion of the remaining fotir expressed molecules it 
would seem that CGM2 has a similar distribution to 
that of CEA being expressed in certain epithelial cells 
notably in colon but not in granulocytes. In contrast 



71 



S. Hamrnarstrdrn 



CGMl and CGM6 are expressed in granulcKytes but 
probably not in epithelial cells. 

To siiminarize. in normal adult tissue four differ- 
ent patterns of cellular expression can be recognized: 
(1) selective epithelial (CEA and CGM2); (2) granulo- 
cytic (CGMl and CGM6); (3) selective syncytiotro- 
phoblasdc (PSGs); and (4) broad (BGP and NCA), 



Bcpression of CEA family members in relation 
to cellular differentiation 

We have studied the expression in normal adult 
colon epithelium of CEA, BGP, NCA and CGM2 (the 
four expressed CEA subfemily members in this 
tissue^-*®) at the mRNA and protein levels using 
RT-PGR, m situ hybridization, inrnmnohistochemistry 
and immunoelectron microscopy.^^*^^'^ The results 
are summarized in Table 1. All four mRNA spedes 
were expressed at high levels in the mature columnar 
epithelial cells facing the free luminal surfece and in 
the highly dijfferentiated columnar epithelial cells at 
the crypt mouth. CEA- and NCA mRNAs were also 
expressed in the epithelial cells of midr and lower 
crypt, although at lower levels, BGP- and CGM2 
mRNAs, in contrast, were not detected at the lower 
levels of the crypt Another diJBFerence was that mR- 
NAs for CEA and NCA were also expressed in goblet 
cells, in contrast to BGP and CGM2 mRNAs. The 
celt and region-specific expression patterns of CEA-, 
NCA-, BGP- and CGM2 g^coproteins were in com- 
plete agreement with the findings at the mRNA level 
indicating that the production of these glycoproteins 
is essentially controlled at the transcriptional leveL 
Maximum expression of all four molecules was at- 
tained only M*ien the colimanar cell had migrated up 
to the level of the fi^c Imninal smfece, i.e. to the 
functional compartment of the colonic mucosa. 
Cellular differentiation-related expression was also 



seen for the PSGs. Using a PSG specific mAb, BAP-3, 
we conclusively demonstrated that PSCi is only ex- 
pressed in syncyuotrophoblasts, while cytotro- 
phoblasts and extra\illous trophoblasts are negarive.^^ 



'Fuz2y coaf (glycocaljod localization of CEA, 
NCA BGP and CGM2 in normal human colon 

Studies by immunoelectron microscopy using specific 
mAbs for CEA, NCA, CGM2 and BGP demonstrate 
that all four molecules are specifically localized to the 
apical surface of mature enterocytes. No staining is 
seen at the basolateral surfaces of the enterocytes 
with any of the four mAbs. The structure that Ls 
specifically stained is the apical glycocalyx (== fuzzy 
coaO/microvillus region of the mature enterocytes. 
The fuzzy coat is made up of microvesides and fila- 
ments. The microvesicles are formed by the blebbing 
of microvillus membrane and subsequent pinching 
off. This vesiculation of the microvilli is a normal 
process and is the most distinctive feature of the 
'fuzzy coat' in human colonic epithelium ®^ Figure 3 
shows the precise localization of CEA, NCA, BGP and 
CGM2, respectively. While the CEA-positive material 
is mainl)' seen in the fuzzy coat at the tops of the 
microvilli, the CGM2 positive material, in contrast, is 
mainly seen between the sides of the microvilli. The 
NCA- and BGP-positive materials are seen both 
between the sides and over the tops of the microvilli. 
Thus, even within this narrow region of the ceD there 
appears to be a degree of compartmentalization with 
different distribution of the four molecules.^^*^®'®® It 
should be noted that vesiculation of microvilli is a 
common response to conditions that affect the in- 
testinal microvillus membrane and perhaps serves as 
a rapid mechanism for the remo^ of membrane 
active agents from the gut luminal surface. The find- 
ing that CEA in normal colon is released via CEA- 



Table 1. Expression of CEA subfamily members in nprma] adult human colon— summary ci in situ hybridization 
immun histochemical analysis 
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Intensity of staining was scored as negative (-); weakly positive (+); positive (+ + ) or strongly positive ( 
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Hgure 3* Immunoelectron microscopy of CEA, NCA, BGP and CGM2 in normal human colon. 
(A) Micrograph of apical part of a mature colmnnar cell- Hie CEA positive material is seen over 
the tops of the microvilli and consists of thicl: long filaments and membrane vesicles (thick 
arrowheads); X 15,000. (B) Micrograph of the apical smfacc of a mature columnar cell. The 
NGArpositive granular con^ct material including membrane-bound vesicles is seen between 
(arrows) and over the tops of the microvilli (thick arrowheads); X 15,000. (C) RCcrograph of 
apical part of a mature columnar cell. A delicate BGP-positive material which consists of very thin 
lo se microfilaments is located between and over the microvilli (thick arrowheads); X 16,000. (D) 
Micrograph of apical part of a mature columnar cell. The CGM2-positive material is present not 
nly betwefen the sides (arrows) but also over the top of the microvilli (thick arrowheads) and 
consists of fine tightly matted filaments and membrane vesicles; X 15,000. In A, B, C and D thin 
arrowheads show positively stained cytoplasmic vesicles. 



coated vesicules agrees with the findiings of Matsuoka 
et a/^:^^ yho demonstrated thai more, than 90% of 
total CEA in feces exist in a membrane bound form 
and that it can be released from these membranes by 
phosphatidylinositol-spedfic phospholipas^ d. 

The production and release of CEIA in normal aduU 
colon is substantial. During 1 day a healthy adult 
evacuates approjdmately 50-70 mg of CEA in feces.^ 
Most likely CEA is produced in even higher amounts 



in colon than indicated above, since Matsuoka and 
colleagues®^ have shown that normal colon epithe- 
hum crypts cultivated in collagen gel produce large 
amotmts of soluble CEA, probably released through 
the action of some endogenous PI-PLC or PI-PLD. In 
the colon lumen this soluble material is rapidly 
broken down into smaller fra gments,^^ thus even the 
5CK70-mg CEA produced per day is an underesti- 
mate. Moreover, direa comparison between C3A 
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production in normal colonic mucosa and cancerous 
tissues demonstrates that approximately the same 
amount is produced.^®' Taken together vith the 
demonstration by Nap et at^ that CIA is produced 
in fetal colon starting at the eady fetal stage (week 
9-13), these findings demonstrate that CEA. is not a 
tjpical oncofetal antigen, rather CEA should be 
viewed as a normal adult tissue component with 
retained expression in tumors. The degree of expres- 
sion is related to the state of differentiation of the 
normal or cancerous cell, highly difiFerentiated cells 
expressing the highest levels. 

Expression of CEA family members in tumors 

Table 2 stmunarizes current information on the ex- 
pression of CEA molecules in epithelial and other 
tumors. CEA, NCA and BGP are expressed in a 
mmiiber of tiunors of epithelial origin such as col- 



orectal carcinoma, limg adenocarcinoma and mud- 
nous ovarian carcinoma and endometrial adenocarci- 
noma. CEIA seems, however, to be somewhat more 
restricted in its expression pattern as compared to 
NCA and BGP, not being expressed in acute lym- 
phoblastic letikemia and hepatocellular carcinoma. 
CGM2 is expressed in some epithelial cancers notably 
gastric carcinoma, and mucinous ovarian carcinoma, 
while the granulocyte-associated molecules CGM6 
and CGMl are not detected in any of the investigated 
tumors of epithelial origin. PSGs are foimd in hyda- 
tidiform mole and choriocarcinoma. In Tables 2 1 
have also indicated which molecules are thought to 
be up-regulate d or down-regulated comp aredjQ^gir 
expression in the corresponding normal tissu e. CEA 
is considered to be_x ;qprEeg ulated in pgsgic carcinoma 
and possibly also in colorccg l carcinoma, and the 
^ sa me seems to be the case for NLA. In the case of 
BGP the results are conflicting. BGP is considered to 
be down-regulated in colorectal carcinoma and in 



Table 2. Expression of CEA femily members in human tumors 



Type of tumor 



CEA* NCA BGP CGM6 CGMl CGM2 CGM7 PSG References 



Epithelial 

ColorectaJ carcinoma 

Gastric carcinoma 
Lung adenocardnoma 

squamous cell carcinoma 
Breast carcinomas 

Pancreatic carcinoma 
Gallbladder cardnoma 
Drinaiy bladder carcinoma 
Mucinous ovarian carcinoma 
Serous ovarian carcinoma 
Endometrial adenocarcinoma 
Hepatocellular cardnoma 
Thyroid cardnoma 
■ Nasopharyngeal candnoma 

Other 

Malignant mesothelioma 
Small cell lung cardnoma 
Acute lymphoblastic leukemia 

- Mdanoma 

' Different sarcoma 
Hydatidiform mole 
Choiiocardnoma 
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[27,60.64,65] 

[66-73 

[59,71,73] 

[54.68,71,74] 

170,75] 

[27.67,68] 

[71.74] 

[711 

[711 

[27] 
[673 
(671 

[71,76.77] 

[71] 

[71] 



178] 

[64,75] 

179] 

[71] 

[71] 

180] 

[80] 



Notes: +, More thar 50% of indmdual samples were positive; (+), 10-50% of individual samples were positive; J or J. 
ituUcate whether the molecule is considered to be up- or down-regulated in comparison to the corresponding nonnal 
tissue. 

"Older data on CEA expression in epithelial tumors, induding colon-, breast-, Itmg- and ovarian cardnoma, are 
reviewed in Shively and Beattf (1985).' 
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hepatocellular carcinoma but up-regulated in gastric 
carcinoma and squamous ceU carcinoma of the lung, 
likevise, for CGM2 the results points in both direc- 
tions; down-regulation for colorectal carcinoma and 
up-regulation for gastric carcinoma. 

An aspect, that generally is overlooked when the 
levels of expression of CEA family members in nor- 
mal and cancer tissues are compared is the state of 
diflFerentiation of the normal cells. In many cases the 
conclusion that a particular antigen is, for example, . 
down-regulated in tumors will depend on whether 
the comparison was made against poorly or fiilly 
differentiated normal cells. Moreover the normal ad- 
jacent tissue sample usually contains several different 
tj^jes of cells, which may or may not express the 
antigen. The studies on the expression of CEA sub- 
feunil)' members in normal colon mucosa mentioned 
above illustrate the difficulties inherent to such con> 
parisons. If compared on a cell to cell basis BGP may 
be considered to be up-regulated in colorectal carci- 
noma if compared s^ainst normal iminature entero- 
cytes and down-regulated if comprared lo normal 
mature enterocytes. These results have therefore to 
interpreted with great caution. 

The question of whether the presence of CEA in 
pancreatic carcinoma and breast carcinoma (Table 
2). is an example of ectopic expression can not be 
setded at the present time. It is quite possible that 
CEA is produced by a few normal cells in these 



organs but that the sensitivity of the methods used 
has precluded their detection in normal tissue. 

Contrary to the strict apical localization of CEA 
subfamily members in normal colon epithelial cells, 
these molecules can be expressed over the entire cell 
surfece of colonic adenocarcinoma cells, in intraglan- 
dular lumina and even in intraceUular lumina. Figure 
4 shows that CEA and NCA are expressed on the 
Itmainal surfaces of tumor cells in colonic adenocarci- 
noma facing intraglandular lumina. Note also that 
tumor cells in the irmer portion of tumor gland 
express the antigens on almost the entire surface. 
Evidence for NCA synthesis can also be seen. 

Is there a difference between tumor CEA and 
normal CEA? On the genetic level there appears to 
be no difference and in a classical study by Fritsche 
and Mach®^ it was demonstrated that normal colon 
CEA was indistinguishable from tumor CEA bj' sev- 
eral inmiunological, physicochemical and chemical 
criteria. However, the possibility that subtle post- 
translational modifications, such as trimming of the 
C-terminus after release from the membrane by en- 
dogenous PI-PLC, PI-PLD or modifications in the 
carbohydrate chains, might create differences 
between tumor CEA and normal CEA can stiU not be 
excluded. Another source of heterogeneity may be 
that CEA from different organs may display different 
post-translational modifications. The same type of 
reasoning applies to other CEA family members. 




Figure 4. Immunoelectron microscopy of CEA in colon cancer. (A) Cells fadng lumen (L) have a 
thin layer of the CEA-positivc matenial on their Imninal suifece (arrowheads); X8OO0. (B) 
Neoplastic cells of the irmer portion of tumor gland show CEA on almost the entire cell surface 
(arrowheads); X9000. 
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CEA family members as tumor markers 

As mentioned above CEA is one of thejxos L extent 
sivel y used clinical tumor marker s. The main reasons 

"^Ey^CEAJs_use52LaL ^serum tumor marker for 
^c olorectaL aadLsome ojier canceg are^^robably^be- 
cause CEA is a stable mole cule, has_a.feiriTn"estricted, 
e xpression in normal adult tissue and is .eKpressed„at 
highJ_evclsin~R Ositive tumors. The bulk of the CEA in 
a healthy individual is produced in colon. There, it is 
released firom the apical surface of mature columnar 
cells into the gut lumen and disappears with the feces 
(Figure 5). Thus. onl y_very j ow levels are normall y^ 
seen in_tb,e- blood from healthy individuals. I n colon 
cancer the malignant cells have no basal lamina and 
are multiplying in the tissue. Moreover, the tumor 
cells have lost their polarity and CEA is distributed 
around the cell sur&ce. It is known that components 
from the plasma membrane are continually exfoli- 
ated from the sur&ce as plasma membrane-derived 
vesicles,®^ which through draining lymph and blo od 
vessels can end u p in t he_M pod. As the tumor size 

"Inc reases rooreHfEA will a ccumulate ^in the blood 
(Figure 5). 

BGP and NGA have a broader normal tissue dis- 
tribution and are in addition produced by different 
types of white blood cells including granulocytes. The 



BGP and NGA levels in the blood of normal indi\idi>' 
als are comparatively high (0.5 ± 0.3 mg/1 for BGP 
and approx. 0.05 mg/1 for NCA^'^^ as compared to 
< 2 /tg/1 for CEA). For these reasons it is unlikely 
that they will be more useftil than CEA as clinical 
serum tumor markers. In the case of CGM2, however, 
the situation may be dififerenL A two-site monoclonal 
immunoassay for CGM2 should be set up and tested 
on a clinical material. 

The main use of seru m CEIA determinations as a' 
t umor rna ifegLjsJnjhe post-surgical surveillance of _ 
colon cancer. Incre ased CEA levels wa s tihe firetrndHi^. 
cator o f recurrent dis ease "i5r81%^ an d 89%^^ of _ 
patients, respectively. Thus^^ monito ring of CTA.leyels^ — 
after tre atmertt ^gives- lead ^ tim^ and 3llows_ for 

^second4ook surgery or other treatment modalities. It 
has recentiy been shown that CEA measurement is 
the most cost-efiFective test in detecting potentially 
curable recurrent disease.^ Senma CEA levels cant^' 
also be used as a prognostic indicator. ^Ar-luglL-pre=i- 
oper arive CEA level in colon cancer is assod ated with^ 
— poor 5-years survival, while a low preoperative level is- 
as sooated with good suivivaim ^n the' oier hand, 

"serum CEA tests have litde va lue~f6r' screening pur- 
poses ance tlie number of felse positive tests is too 

"^Mgh. The t est can, howeve r, bel5ed as^ dia gnostic i-l 

jid jimct^e r)^ high levels are highly indicative of liver 
metastases^ 
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Figure 5. Major pathways of CEIA excretion in normal 
colon and colon cancer. (A) In normal colon, polarized 
columnar epithelial cells express exclusively CEA on the 
apical sur&ce and release it into the colon lumen (CL). 
CEA has no access to blood capillaries (BC). (B) In colon 
cancer» the epithelial cells focing *blind' tumor gland lu- 
mens (TGL) are partly polarized and release CEA into the 
lumens. In contrast, the neoplastic cells located deep inside 
tumor glands are unpolaiized and express CEA on the 
v^ole ceU sur&ce. As a result exf liated CEA has a &ee 
access to blood- or lymphatic vessels through the intercellu- 
lar spaces. 



Biological functions of CEA family molecules 
Cell adhesion 

In vitro studies with tumor cell lines have convinc- 
ingly demonstrated that several CEA suSiamily mem- 
bers, notably BGP, CEA and NCA, can aa as ho- 
mophilic and heterophilic cell adhesion molecules 
when expressed on the tumor ceU surface.^'®^*®® In- 
tercellular adhesion is also obtained with cells con- 
taining the rat homologue to BGP (C-CAM),^° It has 
also been demonstrated tiiat the N-domain is directiy 
involved in the ciell adhesion phenomena.*^*®® Inter- 
estingly, however, it did not matter if C-CAM (= rat 
BGP) contained a long or a short cytoplasmatic do- 
main.^°-®* The ITAM/TnM motif present in the long 
form was therefore not important for the binding 
phenomena. CGM2 was not able to mediate cell 
adhesion.^'^® The latter finding may actually be ex- 
plained by the fact daat the AGFCC'C )S-sheei in the 
N-domain of CGM2 is sterically hindered by two 
carbohydrate substitutions (Figure 2) 
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The relevTince of the experiments mentioned above 
for the situation in vivo must, however, be discussed. 
Tumor cell suspensions are used in the cell aggrega- 
tion assaj's. On these ceils, the interacting molecules 
are distributed over the entire cell surfece. Moreover, 
it is known that single chain molecules belonging to 
the immunoglobulin super&mily are able to bind to 
each other forming homo- and heterodimers and 
higher order complexes. Thus, it is perhaps not sur- 
prising that tumor cells containing a high density of 
molecules such as CEA are able to aggregate in a 
CEA specific maimer. Two questions must be posed 
(1) is this CEA subfamily directed cell-cell interac- 
tion important for tumors growing in vivo; and (2) 
does it occur in normal physiology vAien, in most 
cases, the cells are polarized and express the 
molecules only on die apical surfaure? 

In the tumor situation it is possible that CEA femily 
molecules play some role as a contact mediating 
device when mmor cells are moving to new sites. On 
the other hand, in tumor masses of colo-rectal carci- 
noma most CEA and NCA is expressed on the apical 
surfeice of txmior cells facing intraglandular lumina 
and not on the cell membranes between rightly bind- 
ing adjacent tumor cells. The tendency of colon 
tumor cells to develop an apical surface is also seen 
when tumor cell Hnes, such as HT-29, are grown in 
vitro, since the cells form intracellular lumina in 
which CEA is deposited (Baranov and Hammarstrom, 
unpublished results). In normal physiology, it seems 
unlikely that CEA, NCA or BGP are involved in 
intercellular adhesion because of their apical local- 
ization on polarized cells, although there may be 
some exceptions since rat BGP (CCAM) has been 
detected in intercellular contact areas in stratified 
epithelial cells.®^ There is no evidence indicating that 
the granulocyte associated CEA feunUy molecules me- 
diate intercellular adhesion. 

hi humans eight' of the eleven PSGs contain the 
amino add sequence arginine-glydne-aspartic acid 
(RGD) at a conserved and exposed site in the N-do- 
main. This three-peptide sequence has been shown 
to be a recognition signal between extracellular ma- 
trix proteins and certain integrins. Thus, it was hy- 
pothesized that the PSGs act as inhibitors of cell-ma- 
trix interactions. However, our recent cDNA doning 
studies of PSGs fi-om baboon demonstrate that 
baboon has almost as many PSG as humans but only 
one of them contains the RGD sequence (Zhou and 
Hammarstrom, unpublished results, 1998). Since h\y 
man and baboon are closely related species it seems 
unlikely that this sequence is of direct importance for 



the fianctionCs) of the PSGs in primates. WTxat then is 
the biological function of the PSGs? Ob\iously it 
should have something to do with pregnancy*. Per- 
haps the PSGs acts systemically to attenuate the 
mother's immime response to the semiallogeneic fe- 
tus. 

Signal transduction and regulation of signal transduction 

As mentioned earlier one of the splice forms of BGP 
and CGMl, respectively, has a long cytoplasmatic tail 
containing modified nAM/ITIM moti£ In rat BGP 
(= GCAM) the membrane proximal tyrosine residue 
in this motif was found to be phosphorylated by c-src 
in granulocytes,®' by lyn and hck also in granulo- 
cytes®^ and by c-src in epithelial cells.®^ Protein tyro- 
sine kinases and protein tyrosine phosphatases are 
bound upon phosphorylation of ITAMs and rilMs, 
respectively, leading to stimulation or termination of 
sigfnaling. Thus, in granuloqtes, which contain phos- 
phorylatable BGP and GGMl, in addition to GPI-lin- 
ked NCA and CGM6, specific mAbs against the CEA 
femily molecules stimiilate N-fonnyl-MUF mediated 
induction of respiratory burst and ^g-integrin activa- 
tion.®^-^^ It seems likely that the CEA femily molecules 
on granulocytes and perhaps also on epithelial cells 
such as colon enterocytes are part of a molecular 
receptor complexes on the cell surface similar to the 
CD3/TCR complex on T cells. The composition and 
natural ligand for these hypothetical complexes is 
prcsentiy unknown. The physiological receptor 
molecule does not necessary have to belong to the 
CEA family. T-ceUs for example can be stimulated 
both by antigen reacting with the TCR and by anti 
CDS mAbs. It is interesting to note that BGP shares 
many molecular characteristics, including phosphory- 
lable tyrosine residues in the intracellular part, with a 
recently discovered family of Jtgnal-regulatorj' /pro- 
teins (SIRPs).^ SIRPs have negative effects on cellu- 
lar proliferation induced by insulin and growth fac- 
tors. Recendy, Beauchemin and coworkers ^^'^^ foimd 
that the long form of BGP could inhibit growth of 
malignant tumors. This exciting finding can be inter- 
preted in terms of signal transduction regulation. 

Innate tmnntntty 

It is a possible that CEA and NCA play a role in the 
innate immime defense protecting colon, and per- 
haps other areas like the upper alimentary tract, the 
urinar)' bladder and the skin (sweat glands) firom 
microbial attack. F r colon, in v*ich organ the mi- 
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crobial load is the highest, the foUowTUg arguments 
for a role in innate immunicj' can be made: (1) the 
molecules are located at a most strategic position in 
the apical glycocalj'x facing the microbial environ- 
ment in the gut; (2) CEA and NCA. are produced also 
by goblet cells and released together with the mucins 
thus being present also in the outer mucinous layer 
directly on top of the apical glycocalj-x; (3) both are 
heavily glycosjiated proteins containing a number of 
mulu-antennary carbohydrate chains of the GlcNAc- 
asparagine linkage type and of the high mannose 
type^'^ with ability to interact with fimbriated bacte- 
^^oreover the N-domains of CEA and NCA 
are recognized by the virulence associated Opa pro- 
teins in Neisseria gonorrhoeae and Neisseria 
meningitidis}^^*^^^ (4) The expression and probable 
release of the molecules can be regulated by in- 
flammatory cytokines. Thus, in humans CEA and 
NCA probably bind and trap microorganisms pre- 
venting them firom reaching down to the microviUi of 
the epithelial cells and invading the epithelial cell. 
The dynamics of the sj'stem would assure that new 
glycocalyx is constanti)' formed at the apical surface 
of mature enterocytes replacing 'old' glycocalyx with 
bound microorganisms. Moreover this process may 
be speeded up through signaling via BGP, since BGP 
can associate with CEA and NCA (but not CGM2) via 
exodomain interactions and BGP can transduce a 
signal through phosphorylation of its cytoplasmatic 
part (see above). Thus, if a bacterium has bound to 
any of these three molecules in the proximity of the 
cell sm&ce the cell may sense it 

Future perspectives 

In the near future it would seem particularly interest- 
ing to attempt to isolate and characterize die postu- 
lated molecular complexes containing BGP and other 
CEA family members on the surface of granulocytes 
and epithelia] cells. Such analysis should include 
studies of the signal tranduction pathways utilized by 
these receptor complexes and a search for the natu- 
ral ligandCs). Their relationship to the SIRPs would 
furthermore be interesting to investigate. It would 
also be of interest to investigate whether CGM2 could 
be used as a clinical tumor marker. A specific CGM2 
immunoassay for serum analysis of jJatients with can- 
cer should be developed and its performance, in 
comparison with the CEA assay, shoitid be investi- 
gated. Finally it would be of interest to test the 
hypothesis that CEA and NCA play a role in innate 



immunity. This would require the development of an 
appropriate animal model. 
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